ABSTRACT
INTRODUCTION
Weight gain with age is well documented in several population studies (1) (2) (3) (4) (5) (6) (7) . There has been a global increase in the prevalence of obesity over recent decades and it is a growing public health problem in affluent societies (2, (8) (9) (10) (11) (12) (13) . Attempts to lose weight are common; Ϸ30% of US adults reported recent weightloss attempts (14, 15) . Because any achieved weight loss is seldom maintained for prolonged periods (16) (17) (18) (19) (20) , dieting becomes an integral part of the lifestyle of some individuals (21) . Weight gain has been shown to be associated with an increased risk of diabetes (22) and hypertension (23) .
Obesity and relative body weight, as gauged by body mass index (BMI; in kg/m 2 ), are partly heritable (24) (25) (26) (27) (28) , although weight change in adulthood may be less dependent on genetic factors (29, 30) and more on gene-environment interactions (31, 32) . Smoking cessation, physical inactivity, low education and socioeconomic status, and parity have been identified as risk factors for major weight gain in both cross-sectional and prospective studies (33) (34) (35) (36) (37) (38) (39) (40) (41) (42) . However, most prospective studies have relied on a single follow-up measurement of weight change, leaving its stability unexplored. Additionally, few studies have examined the potential confounding effect of several predictors simultaneously.
In view of the commonness of weight-loss attempts, surprisingly little is known about the long-term effects of such attempts on weight. In the prospective study by French et al (40) , a dieting history at baseline predicted weight gain in 3552 American men and women over a 2-y follow-up period. In another recent prospective study of 19 478 healthy American male health professionals aged 40-75 y, frequent weight-loss attempts (dieting) were related to weight gain (43) .
The aim of this study was to investigate in an adult population the long-term effects of dieting on weight development over follow-up periods of 6 and 15 y while several pertinent putative confounding factors were controlled for. Data on twin pairs discordant for weight-loss attempts were analyzed to determine whether the association between weight-loss attempts and major weight gain was independent of familial factors. Weight-loss attempts and risk of major weight gain: a prospective study in Finnish adults
SUBJECTS AND METHODS

The Finnish Twin Cohort
The present study is based on data from the Finnish Twin Cohort compiled in 1974. The cohort included 13 888 monozygotic or same-sexed dizygotic twin pairs born before 1958 (44, 45) . Individuals were mailed nearly similar questionnaires in 1975 and 1981 and the response rates were 89% and 84%, respectively. An additional questionnaire was mailed in 1990 to twin pairs born between 1930 and 1957 who were both alive and resident in Finland in 1987 (n = 8938 twin pairs and 17 876 individuals); the response rate was 77.3% (46) .
The study population
In the present study, one member of each twin pair from the initial sample of 15 458 twins was randomly selected for the analyses of weight changes over 6 y (Figure 1) . These 7729 subjects (twin A sample: 3536 unrelated men and 4193 unrelated women at baseline) were aged 18-54 y in 1975 and provided complete weight data on the 1975 and 1981 surveys and complete height data on at least one of these surveys. For the 15-y follow-up analyses, we also included randomly selected subjects who had responded to the 1990 questionnaire (2152 men and 2721 women). Members of each twin pair who were not included in the twin A sample formed the twin B sample, which was used for replication analyses. All analyses were carried out for 2 age groups (18-29 and 30-54 y at baseline) separately because their patterns of weight gain differed significantly (26) . When divided by age and sex, 4 approximately equal-sized groups were formed ( Table 1) . Subjects aged 18-29 y at baseline are referred to as young and those aged 30-54 y as older. Subjects were aged 24-60 y at the first follow-up in 1981. At the second follow-up in 1990, subjects were aged 33-60 y, which was the maximum inclusion age for the 1990 survey.
Women who were pregnant at the time of the baseline questionnaire or during the time between the baseline and follow-up questionnaires were excluded from some analyses (n = 1195 for the 6-y follow-up and n = 1191 for the 15-y follow-up. The exclusion of women with a change in parity between the 1975 and 1981 questionnaires was based on data of deliveries from the national hospital discharge registry with use of time-related criteria given in detail elsewhere (26) . Women with a change in parity between the 1981 and 1990 surveys were identified by a question on family structure in the 1990 questionnaire or from hospital data. After these exclusions, the remaining sample consisted of 2998 unrelated women over the shorter (6 y) and 1530 unrelated women over the longer (15 y) follow-up.
Determination of weight change
In the questionnaires, weight was given in kilograms and height in centimeters, which, when necessary, were rounded to the nearest whole number. BMI was used as the measure of excess body weight, and weight change was the difference between the self-reported weights in 1975 and 1981 or 1990 . A gain of > 10 kg was regarded as major weight gain and was the outcome measure in the analyses.
The validity of self-reported weights in 1990 was ascertained in a random sample of twins living in greater Helsinki in 1994-1995 (47) ; clinical measures for 100 men aged 52.5 ± 6.5 y (x -± SD) and 125 women aged 50.4 ± 7.9 y who reported their heights and weights in the 1990 questionnaire were directly 
Lifestyle and socioeconomic factors
The following baseline (1975) variables, which were used to assess lifestyle and socioeconomic status, were studied as predictors of major weight gain.
Weight-loss attempts
Subjects were asked whether they were currently trying to lose excess weight. Those who reported that they were trying to lose weight are referred to as dieters; 64% of the men and 80% of the women reported restricting food intake voluntarily or changing their diet (with or without exercise) as their chosen method of weight loss (44) . The follow-up questionnaires in 1981 and 1990 did not include questions on current weight-loss attempts.
Smoking
Respondents were asked for a detailed smoking history at baseline. They were classified as nonsmokers or as occasional, former, or current cigarette smokers (48) . Current smoking quantity was based on the number of cigarettes smoked daily and categorized as 1-14 or ≥ 15 cigarettes/d.
Alcohol use
The frequency (days per month), quantity, and type of alcohol used at baseline were rated by the responses to 6 questions about the current use of alcoholic beverages (beer, wine, and spirits). Quantities were then converted into grams of ethanol to give the monthly consumption of pure alcohol (49) . The subjects were classified as abstainers (no use), occasional users (1-150 g/mo), moderate users (151-399 g/mo), and heavy users (≥ 400 g/mo).
Education level
On the basis of schools and higher-level institutions attended, the respondents' education level was classified as primary (≤ 6 y), secondary (7-11 y), or tertiary (≥ 12 y).
Social class and marital status
The subjects were grouped by their occupation according to the 1970 classification of the Finnish Central Statistical Office. The 5 social-class categories were upper-and lower-grade professionals, skilled and unskilled workers, and farmers. Students, housewives, and unemployed and pensioned persons of unknown occupation were not classified by social class. The respondents were classified as unmarried, married, divorced, or widowed. Those remarried or living together were considered married. Detailed descriptions of these variables are presented elsewhere (45, 50) .
Energy expenditure at leisure and work
Physical activity was estimated separately for work and leisure time. Intensity of physical activity was expressed as MET values (metabolic rate divided by resting metabolic rate in J/mo) (51) . Calculations of leisure time activity were based on 7 questions about 3 components of physical activity: duration, intensity, and monthly frequency. Physical activity at work was determined as the product of work strenuousness (intensity) ϫ the number of working hours/d (8) ϫ the number of working days/mo (51) . The obtained leisure and work indexes were divided into tertiles by sex for further analyses.
Statistical methods
The statistical analyses were performed by using BMDP software (version 7.0; BMDP Statistical Software, Inc, Los Angeles). Analysis of covariance was used to compare mean BMI at baseline, adjusted for initial age in different groups. Odds ratios (ORs) for gaining > 10 kg were assessed by logistic regression analysis (52) . Weight changes were adjusted for age and BMI at baseline by entering these terms as continuous variables in models, and the and nondieters. Data for 18 subjects (9 men and 9 women) with missing information on dieting were excluded. 2 Significantly different from nondieters, P < 0.001 (analysis of covariance).
ORs over the 2 follow-up periods (6 and 15 y) were computed. Significance was estimated by the 95% CI. In addition to baseline age and BMI, potential confounders (smoking, alcohol use, educational level, social class, marital status, and energy expenditure at leisure and at work) were included in the logistic regression equation to test the independence of the effects of attempts to lose weight over 6 and 15 y. Analyses of the future risk of gaining > 10 kg after weight-loss attempts over 6 and 15 y were also replicated in a second sample (twin B) ( Figure 1) . A discordant pair analysis based on data of both members of all pairs was carried out to assess the effect of familial factors on the relation of weight-loss attempts to weight gain (Figure 3) . Of all pairs initially in the study, either both or one twin in 2258 pairs reported weight-loss attempts.
Tetrachoric correlations were computed to address the question of whether the report of weight-loss attempts was more concordant among monozygotic than among dizygotic twins. Tetrachoric correlations are one of the most powerful measures of twin concordance, provided the variable under study is unidimensional with a normal distribution (53) . A tetrachoric correlation is the correlation that best approximates the cell probabilities from a 2 ϫ 2 contingency table (weight-loss 968 KORKEILA ET AL attempt/no weight-loss attempt in twin 1 compared with the same in twin 2). The pairs discordant for weight-loss attempts were the basis for the analyses in which the distribution of pairwise weight changes adjusted for initial age and BMI was examined in relation to weight-loss attempts. ORs for major weight gain by weight-loss attempt status in the discordant pairs were computed by conditional logistic regression with the PECAN program (EPI-CURE; Hirosoft International Corporation, Seattle). These ORs give the risk for major weight gain when the weight-loss attempt status of the subject is compared with that of their cotwin and his or her weight gain data. Thus, familial effects are controlled for by the inclusion of partial (for dizygotic pairs) or complete (for monozygotic pairs) adjustment for genetic background similarity in addition to shared (nongenetic) family effects.
RESULTS
Reported weight-loss attempts and initial weight
At baseline, 7.6% of men and 20.8% of women aged 18-29 y and 18.8% of men and 26.8% of women aged 30-54 y reported weight-loss attempts. These subjects had significantly higher initial BMIs at baseline than did others in the same sex and age groups. Mean weight changes over 6 y did not differ significantly by reported weight-loss attempts at baseline (Table 1) . Mean weight change over 15 y, however, was higher among dieting than among nondieting subjects in 3 of 4 groups; however, these differences were significant only in older women and were nearly significant in younger men (P = 0.07). Mean initial BMIs and weight changes for women with no change in parity were not significantly different from those of all women.
The frequency of dieting and mean BMIs at baseline were assessed in different categories of potential confounders. Dieting was more frequent in former smokers than in nonsmokers and current smokers aged 30-54 y as well as in young women who were heavy smokers than in light smokers (35.3% in subjects smoking ≥ 15 cigarettes/d; P = 0.016). Subjects with the highest alcohol consumption reported dieting more often than did others [10.5% (P = 0.009) in young men and 37.2% (P = 0.008) in older women]. Dieting was clearly more common in men of the upper social classes than in those of lower social classes and there were only minor differences by educational or marital status. High energy expenditure during leisure time and heavy physical work were both associated with a high likelihood of dieting, especially among young subjects (data not shown).
Young male current smokers, particularly the heavy smokers (≥ 15 cigarettes/d), and older male former smokers had the highest BMIs. Men who drank heavily and older nondrinking women had the highest baseline BMIs. BMIs and education level were inversely related (P < 0.01) in all groups and upper-grade professionals had lower BMIs than did subjects in other social classes. Married women had higher BMIs than did single women, whereas no significant difference by marital status was seen in men. Low leisure time physical activity was related to the highest baseline BMIs in older women, whereas work physical activity was positively related to baseline BMI in all groups ( Table 2) .
Weight-loss attempts and the risk of major weight gain
The ORs for major weight gain according to dieting status (yes or no) at 2 strata of baseline BMI (< 25 and ≥ 25), adjusted for baseline age and BMI, and potential confounders are presented for men in Table 3 and for women in Table 4 . The Breslow-Day test (54) for heterogeneity of ORs over 4 BMI strata showed no significant differences in any of the sex and age groups nor between subjects with a height above the mean and those with a height below the mean at baseline over both follow-up periods.
Overall, there was a tendency for an increased risk of major weight gain in dieting men and women, although not all results were significant. Dieting at baseline was a consistent predictor of major weight gain in young men at both followup periods (over 6 and 15 y, respectively-ORs: 2.01 and 1.74; 95% CI: 1.13, 3.57 and 1.11, 2.75), which persisted even after the adjustments for age, BMI, smoking, alcohol use, education level, and social class at baseline. Over 6 y, the risk of major weight gain increased in initially normal-weight (BMI < 25) dieting men (OR: 2.81; 95% CI: 1.47, 5.38), although no increase in risk was observed in young initially overweight (BMI > 25) dieting men (OR: 0.80; 95% CI: 0.25, 2.56). Over 15 y, the risk was significantly elevated in older men (OR: 2.10; 95% CI: 1.27, 3.48).
Among young women, the risk of major weight gain tended to be higher in dieters than in nondieters over 6 y in both initialweight groups, although these differences were not significant. Older women who were dieting at baseline had a significantly higher risk of major weight gain over both follow-up periods (over 6 and 15 y, respectively-ORs: 2.43 and 1.53; 95% CI: 1.33, 4.42 and 1.06, 2.22). The ORs decreased only slightly when potential confounders were controlled for, although one previously significant result became nonsignificant. Exclusion of women with a change in parity during the follow-up periods or adjustment for baseline age only did not change the point estimates substantially.
The ORs for 6-y weight changes were reanalyzed by using the same sample for 6-and 15-y weight changes. Compared with the larger sample of all subjects available at 6 y, the results differed significantly in one group only, older women. Among these older women, the OR decreased from 2.43 to 1.89. In the replicating analyses, where the other randomly selected twin was studied, the results for women were fully replicated, whereas the results among the men showed mostly weaker, though consistent, relations (data not shown).
Pairwise analyses
There were no significant differences among individuals in the prevalence of dieting (weight-loss attempts) by zygosity: 14.1% of monozygotic and 12.3% of dizygotic men and 26.2% of monozygotic and 24.6% of dizygotic women reported weight-loss attempts at baseline. Pairs concordant (n = 553) and discordant (n = 1705) for dieting in the entire sample by sex, age, and zygosity are shown in Table 5 . Most pairs were discordant for dieting at baseline. The nondieting member had a consistently lower BMI in all sex, zygosity, and age groups at baseline (P < 0.0001). The difference in BMI was maintained over follow-up: 23.8 (95% CI: 23.7, 24.0) in nondieting and 25.2 (95% CI: 25.06, 25.41) in dieting pair members in 1981. This difference was significant in both monozygotic and dizygotic pairs.
The tetrachoric correlations (r) for weight-loss attempts were r = 0.60 (95% CI: 0.51, 0.70) for monozygotic and r = 0.36 (95% CI: 0.27, 0.45) for dizygotic men and r = 0.59 (95% CI: 0.51, 0.66) for monozygotic and r = 0.34 (95% CI: 0.28, 0.41) for dizygotic women (Table 5 ). This pattern of correlations suggests that dieting behavior aggregates within pairs. Furthermore, because the monozygotic correlations were almost twice as great as the dizygotic correlations, genetic factors appear to have accounted for most of this aggregation.
Altogether, 59 twin (13 men and 46 women) pairs discordant for dieting at baseline were also discordant for major weight gain over the 6-y follow-up period; the corresponding number of pairs over the 15-y follow-up was 211 (68 men and 143 women). The mean pairwise differences in weight change did not differ significantly by zygosity. The matched-pair analyses in major weight gain and dieting discordant pairs of twins were carried out as 
DISCUSSION
The aim of this prospective study was to determine the effects of weight-loss attempts on major weight gain over 6 and 15 y. The results showed that reported weight-loss attempts were related to major weight gain in adult Finns after several important confounders were controlled for. The risk of major weight gain increased, although not always significantly so, in nearly all groups of initially normal-weight subjects who were attempting to lose weight at baseline. In contrast, the history of weight-loss attempts was not consistently associated with increased risk of major weight gain among initially overweight subjects, except for older women, in whom the risk for major weight gain increased markedly. Additionally, average weight gain was at most only weakly associated with weight-loss attempts, which most probably reflects the fact that some subjects can successfully lose weight. Our findings agree with prospective information showing that dieting behavior may be related to the risk of weight gain (40, 43) . Further evidence for the link between dieting and weight gain was provided by an observational study in 4278 young US adults, in whom selfreported weight-loss attempts were associated with weight gain over 2 y (55).
The particular strength of the present study was that there was long-term follow-up information on weight after 2 distinct intervals (6 and 15 y). There was also extensive baseline information on potential confounders. Unfortunately, information about weight-loss attempts was obtained only at baseline, and we only had indirect means of estimating the reliability of this item. The disparity between an observed and full correlation (of 1.0) in monozygotic twins is due to differences in individual unshared experiences between them as well as to measurement error, the magnitude of which was unknown. Thus, the true reliability of the question about weight-loss attempts may well have exceeded the observed correlation (0.60), which is likely to represent the lowest limit of reliability of the question on weight-loss attempts. However, the validity of the question, ie, whether the reporting of weight-loss attempts actually reflects actual behavior, is unknown.
The cutoff point for major weight gain in this study (10 kg) was, of course, arbitrary. We chose it mainly because it is large enough to exclude random variation. It is possible that such a large value may mask some predictors with weaker effects. The risk of major weight gain by weight-loss-attempt status did not depend on height, but showed some variation with initial BMI.
TABLE 3
Weight-loss attempts at baseline (1975) and subsequent risk of major weight gain (> 10 kg) in men by BMI at baseline over follow-up periods of 6 (1975-1981) and 15 (1975-1990) Self-reported data were used in the present study, which have been suggested to provide sufficient accuracy for populationbased studies (56) (57) (58) (59) . The level of discrepancy in self-reported weights compared with measured weights ascertained in a subsample of twins from this cohort showed that the internal validity was good. The ORs for weight gain were also computed for twin individuals excluded from the preliminary analyses (twin B sample). The trends for risk were similar in both samples (twin A and twin B samples), suggesting little effect of random variation.
Several explanations for the connection between weight-loss attempts and risk of gaining weight can be suggested. Subjects whose body weight is increasing may try to counter this by dieting, with some short-term success, but they frequently fail to control body weight in the long run. This typical pattern is congruent with our finding of an association between weight-loss attempts and subsequent weight gain among those with normal weight at baseline. The poor success in weight maintenance after dieting predisposes individuals to the vicious cycle of frequent dieting attempts and
TABLE 4
Weight-loss attempt at baseline (1975) and subsequent risk of major weight gain (> 10 kg) in all women and in women with no change in parity by BMI at baseline over follow-up periods of 6 (1975-1981) and 15 (1975-1990) weight regain (18) (19) (20) . The relation between weight cycling and subsequent weight gain is well described in the literature (60, 61) . Part of the weight gain occurring in young adults may be regarded as physiologic, and is likely to occur independently of attempts to lose weight. Smoking, alcohol use, education level, and marital status were regarded as potential confounders in this study. Weight-loss attempts were more frequent among heavy consumers of tobacco and alcohol and among women with high socioeconomic status, which agrees with the findings of previous studies (60, 62, 63) . Predisposition to gain weight, which is partly genetically determined (24, 26, 29) , might be greater among dieting than among nondieting subjects and is possibly strong enough to override any weight-loss attempts. The tetrachoric correlations of twin pairs suggest that weight-loss attempts aggregate in families and that part of this aggregation may be inherited; this familial aggregation may reflect the more similar BMIs of monozygotic than of dizygotic pairs. However, a formal bivariate twin analysis is needed to test this hypothesis. Weight-loss attempts were related to subsequent major weight gain in individuals, whereas this relation was not found after adjustment for familial factors based on the ORs of twin pairs discordant for both weight gain and dieting. It is possible that there are genetic pleiotropic effects influencing both weight gain and dieting behavior.
We conclude that weight-loss attempts appear to increase the risk of long-term major weight gain in adults. The results indicate, in accordance with previous literature, that persons whose weight is currently reduced through dieting are at risk of regaining weight. These findings are based on undefined weight-loss attempts and do not rule out the potential successes and benefits of structured weight-loss programs aimed at permanent changes in health behavior. The twin-pair analyses suggest that much of the observed relation between weight-loss attempts and major weight gain can be attributed to a familial predisposition to gain weight, which ultimately overwhelms even ambitious weight-loss attempts. However, any such genetic effects do not signify that attempts to modify the environment in a healthier direction are likely to fail. 
